Alanine aminotransferase (Alt) provides a molecular link between carbohydrate and amino acid metabolism. In the cell context, the predominant Alt isozyme is located in the cytosol. To gain insight into the transcriptional regulation of the cytosolic alt gene (calt), we cloned and characterized the calt promoter from gilthead sea bream (Sparus aurata). Transient transfection of sea bass larvae cells with deleted calt promoter constructs and electrophoretic mobility shift assays allowed us to identify p300 and c-Myb as new factors in the transcriptional regulation of calt expression. Transfection studies carried out with an acetylase-deficient mutant p300 (p300DY) revealed that the acetyltransferase activity of p300 is essential for the p300-mediated transcriptional activation of S. aurata calt. We had previously found up-regulation of liver cAlt2, an alternatively spliced isoform of calt, under gluconeogenic conditions and in streptozotocin (STZ)-treated S. aurata. Quantitative RT-PCR assays showed that increased p300 and c-Myb mRNA levels in the liver of starved S. aurata contribute to enhancing the transcription of cAlt2. Consistently, the administration of insulin decreased both p300 and c-Myb expression. The mRNA levels of p300 and c-Myb were also analyzed in the liver of STZ-induced diabetic S. aurata. Treatment with STZ increased the expression of p300, whereas it decreased c-Myb. Our findings suggest an involvement of p300 and c-Myb in up-regulation of cAlt2 in the liver of S. aurata under starvation. In addition, these results provide evidence for a role of p300 in diabetes.
Introduction
Alanine aminotransferase (Alt, glutamate pyruvate transaminase, EC 2.6.1.2) is a pyridoxal enzyme that catalyzes the reversible transamination between a-L-alanine and a-ketoglutarate to form pyruvate and L-glutamate. By mediating the conversion of these four major intermediate metabolites, Alt provides a molecular link between carbohydrate and amino acid metabolism.
Alt activity in serum is clinically used as a marker of liver integrity or hepatocellular damage; Alt activity is significantly raised in a variety of hepatic injury conditions, including hepatitis, cirrhosis, and drug hepatotoxicity (Dufour et al. 2000 , Glinghammar et al. 2009 . Increased Alt activity is observed in rat liver after high protein intake, fasting, and administration of cortisol, and it is also observed in diabetic animals (Rosen et al. 1959) . Furthermore, b-adrenergic agonists, such as epinephrine, glucagon, and norepinephrine, induce hepatic Alt activity in rats (Begum & Datta 1992) .
Recent studies have associated high levels of Alt activity with pathologies such as obesity, muscle diseases, type 1 diabetes, coronary atherosclerotic disease, and metabolic syndrome (Nathwani et al. 2005 , Wannamethee et al. 2005 , West et al. 2006 , Iacobellis et al. 2007 , Schindhelm et al. 2007 ). In addition, a rise of serum Alt activity within the reference values in healthy populations is considered a marker for the development of insulin resistance and type 2 diabetes (Vozarova et al. 2002 , Hanley et al. 2004 , West et al. 2006 , Sattar et al. 2007 .
Two Alt isoforms, ALT1 and ALT2, each encoded by a different gene, have been cloned from humans and mice (Sohocki et al. 1997 , Yang et al. 2002 , Jadhao et al. 2004 . Human ALT1 gene was cloned based on the amino acid sequence of liver cytosolic ALT (cAlt; Ishiguro et al. 1991) , and mapped to human chromosome 8q24.3 (Sohocki et al. 1997) . Yang et al. (2002) cloned another human ALT isozyme, ALT2, and mapped this gene to chromosome 16q12.1. Mouse Alt1 and Alt2 genes were mapped to chromosomes 15 and 8 respectively (Jadhao et al. 2004) . Western blotting indicates that human ALT1 is mainly expressed in liver, skeletal muscle, kidney, and, to a lesser extent, in heart, whereas ALT2 is mainly expressed in heart and skeletal muscle. Immunoprecipitation assays demonstrate that ALT1 is the major isoform expressed in human liver and quantitatively the most important Alt isozyme contributing to basal circulating levels of Alt activity in humans (Lindblom et al. 2007) .
The hepatic activity of Alt is considered a good indicator of protein utilization in fish (Fynn-Aikins et al. 1995 , Sanchez-Muros et al. 1998 , Metón et al. 1999 . In the liver of gilthead sea bream (Sparus aurata), Alt activity decreases following starvation, and is more sensitive than aspartate aminotransferase to changes in diet composition and ration size (Metón et al. 1999 , Fernández et al. 2007 . We cloned and reported the subcellular localization of S. aurata liver cytosolic (cAlt, homologous to mammalian ALT1) and mitochondrial (mAlt, homologous to mammalian ALT2) Alt isoforms. Expression of mAlt as a C-or N-terminal fusion with the enhanced green fluorescent protein in CHO cells allowed us to demonstrate that the mAlt N-terminus contains a mitochondrial targeting signal that directs the protein into the mitochondria. The primary structure of mAlt was the first amino acid sequence reported for a mitochondrial Alt in animals (Metón et al. 2004) . A recent study by Yang et al. (2009) has indicated that the rat liver ALT2 isoform is likely to contain an N-terminal mitochondrial targeting signal, and has showed by western blotting that ALT2 is present in mitochondrial fractions. In a recent report, we showed that the S. aurata calt gene generates two cytosolic transcripts by alternative splicing: cAlt1 and cAlt2. The kinetic characterization and in vivo analysis of cAlt1 and cAlt2 expression under various metabolic conditions indicate that the proteins exert distinct roles in the liver of S. aurata: cAlt2 expression occurs in liver under gluconeogenic conditions, while cAlt1 is predominant during postprandial utilization of dietary nutrients (Anemaet et al. 2008) .
Present understanding of control of Alt expression at the transcriptional level is limited. Gray et al. (2007) reported a reduction of ALT1 mRNA levels in the liver of Krü ppel-like factor 15-deficient mice. Transfection experiments showed that peroxisome proliferatoractivated receptor a (PPARa) agonist and fenofibric acid induce specifically the human ALT1 promoter in Huh-7 cells, whereas the human ALT2 promoter is unaffected. ChIP analyses confirmed the binding of PPARa and PPARg to the K574 site in the proximal human ALT1 promoter (Thulin et al. 2008) .
Since up-regulation of cAlt2 actually occurs in the liver of streptozotocin (STZ)-induced diabetic S. aurata (Anemaet et al. 2008) , and in order to unravel the basis that governs calt transcription, in the present study, we isolated and characterized the S. aurata calt promoter. We show that p300 and c-Myb transactivate the calt promoter, and provide evidence that p300 may be involved in the pathogenesis of diabetes.
Materials and methods

Experimental animals
Gilthead sea bream (S. aurata) fingerlings were obtained from Tinamenor SA (Cantabria, Spain). Fish were maintained in 260-L aquaria supplied with recirculating seawater at 20 8C as described (Fernández et al. 2007) . Fish were weighed every week to adjust for the quantity of diet supplied for each experiment. Fish were fed daily (1000 h) at 2 . 5% body weight with a diet containing 46% protein, 9 . 3% carbohydrates, 22% lipids, 10 . 6% ash, 12 . 1% moisture, and 21 . 1 kJ/g gross energy. The effect of starvation on the expression of p300 and c-Myb was analyzed in the liver of fish deprived of food for 20 days and in fed fish. To study regulation of p300 and c-Myb expression by insulin and STZ, the animals were divided into three groups. Twenty-two hours before sampling, two groups of fish received an i.p. injection with vehicle (0 . 01 M natrium citrate, pH 4 . 5), and another group was i.p. injected with STZ (600 mg/kg fish; Sigma-Aldrich). Six hours before sampling, one group of fish previously treated with vehicle received an i.p. dose of bovine insulin (10 units/kg fish; Sigma-Aldrich). Fish were killed by cervical section. Tissue samples were dissected out, immediately frozen in liquid nitrogen, and kept at K80 8C till use. To avoid stress, fish were anesthetized with MS-222 (3-aminobenzoic acid ethyl ester; 1:12 500) before handling. The experimental procedures met the guidelines of the Animal Use Committee of the Universitat de Barcelona.
Cloning of the 5
0 -flanking region of cALT promoter from S. aurata by chromosome walking
To isolate the 5 0 -flanking region of calt gene from S. aurata, two rounds of genome walking were performed with the Universal GenomeWalker Kit (Clontech). Four genomic libraries were obtained by blunt-end digestion of S. aurata genomic DNA with DraI, EcoRV, PvuII, and StuI (Metón et al. 2006) . A primary PCR was performed on each library with the gene-specific primer IGAL0502 (Table 1 ) and the adaptor primer AP-1 provided by the kit. A nested PCR was performed on the primary PCR product, using the gene-specific primer IGAL0501 (Table 1 ) and the adaptor primer AP-2 provided by the kit. The longer amplification product, a single band of w600 bp (named s496), was obtained from the StuI library, and purified using the High Pure PCR Purification Kit (Hoffmann-La Roche). According to the DNA sequence obtained by the first round of genome walking, we designed the gene-specific primers IGAL0405 and IGAL0305 (Table 1) to further isolate the 5 0 -flanking region of calt by PCR, following the same amplification conditions. The nested PCR carried out on the EcoRV library gave rise to a band of w1600 bp (s1603). The DNA fragments s496 and s1603 were ligated into pGEM-T Easy (Promega) to generate pGEM496 and pGEM1603 respectively. Two independent clones were fully sequenced on both strands, following the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction kit instructions (Applied Biosystems, Foster City, CA, USA).
Construction of reporter gene plasmids
The reporter construct pGalt496 was generated by PCR using pGEM496 as a template and oligonucleotides IGALSAC (with a 5 0 -anchor sequence containing a SacI site; Table 1) and IGALHND (with a 5 0 -anchor sequence containing a HindIII site; Table 1 ). The PCR product was digested with SacI/HindIII and ligated into the promoterless luciferase reporter plasmid pGL3-Basic (Promega), previously restricted with the same enzymes. The pGalt2096 construct was originated by ligation of s1603 fragment into pGalt496. To this end, a PCR using pGEM1603 as a template and the primer pair IGAL0505/IGAL0605 (Table 1) was performed to add a 5 0 -KpnI anchor to the s1603 fragment. The resulting product was filled-in with Klenow enzyme, digested with KpnI, and ligated into pGalt496, previously digested with SacI, filled-in with Klenow, and restricted with KpnI. The reporter constructs pGalt399, pGalt173, pGalt89, pGalt12, and pGalt2096D89-11 were produced by chewing back, fill-in, and self-ligation of pGalt2096 after digestion with MisI/KpnI, Pfl23II/KpnI, EcoRI/KpnI, PauI/KpnI, and EcoRI/PauI respectively. To obtain the pGalt57 reporter construct, a PCR was performed using oligonucleotides IGAL1101/IGALHND and pGalt 2096 as a template. The PCR product was digested with KpnI/HindIII and ligated to the main fragment resulting from digestion of pGalt2096 with the same enzymes. The pGalt173mutp300 construct was generated by PCR with the primer pair IGAL3001/ GLprimer2 (Promega) using pGalt173 as a template. The amplified product was digested with EcoRI/ HindIII and ligated to the longer DNA fragment obtained after restriction of pGalt173 with the Cell transfection and luciferase assay Sea bass larvae (SBL) cells (Castric 1984) were grown at 20 8C in Modified Eagle's Medium (MEM), supplemented with 10% FCS, 100 IU/ml penicillin, and 100 mg/ml STZ. Transfection experiments on SBL cells grown at 50-60% confluence were performed with FuGENE6 Transfection Reagent (Hoffmann-La Roche) on 6-well plates. Cells were transfected with 0 . 8 mg of the reporter construct and, when necessary, 100 ng of expression plasmids encoding p300, p300DY, or c-Myb. To correct for variations in transfection efficiency, 200 ng pCMVb was included in each transfection. To ensure equal DNA amounts, empty plasmids were added in each transfection. The cells were harvested 48 h later, washed in PBS, and incubated for 15 min in 300 ml of cell culture lysis reagent (Promega). After removal of cell debris by centrifugation at 10 000 g for 15 s, luciferase activity was measured in 5 ml of the supernatant after the addition of 25 ml of luciferase assay reagent (Promega). Peak light emission was recorded on a TD-20/20 Luminometer (Turner Designs, Sunnyvale, CA, USA). b-Galactosidase activity in the clear lysate was measured as previously described (Metón et al. 2006) . Expression plasmids encoding rat p300 (pCMV-p300), a mutant form of p300 lacking endogenous acetyltransferase activity (pCMV-p300DY; Ito et al. 2001) , and mouse c-Myb (pCMV-cMyb; Oelgeschläger et al. 1995) were kindly provided by Dr D Haro (Departament de Bioquímica i Biologia Molecular, Universitat de Barcelona, Barcelona, Spain), Dr Tso-Pang Yao (Department of Pharmacology and Cancer Biology, Duke University, USA), and Dr Bernard Lü scher (Institut fü r Molekularbiologie, Medizinische Hochschule Hannover, Hannover, Germany) respectively.
Electrophoretic mobility shift assay
Double-stranded oligonucleotides used in gel shift experiments were (only the forward oligonucleotide is shown) p300-cons (5
C6, caltK91/K51mutp300, which contains a mutated p300 response element, and caltK91/K59mutMyb1 and caltK57/K27mutMyb2, both containing mutated c-Myb putative sites (Table 1) . After 30 min of incubation at 37 8C in the presence of terminal transferase (Hoffmann-La Roche) in a 20 ml reaction, 200 pmol of the double-stranded oligonucleotides were 3 0 end labeled with digoxigenin-11-ddUTP. The reaction was stopped by adding 2 ml of 0 . 2 M EDTA.
Binding reactions were carried out in a total volume of 20 ml containing 100 mM HEPES, pH 7 . 6, 5 mM EDTA, 50 mM (NH 4 ) 2 SO 4 , 5 mM dithiothreitol (DTT), 1% Tween 20, 150 mM KCl, 1 mg of non-specific competitor poly [d(I-C)] (Hoffmann-La Roche), nuclear extracts of SBL cells overexpressing p300 or c-Myb, and the labeled probe. The DNA-protein complexes were electrophoresed at 4 8C on 5% polyacrylamide gel, with 0 . 5! Tris-borate-EDTA as buffer. DNA was then transferred by contact blotting (2 h at room temperature) to Nytran membranes (Schleicher & Schuell, Keene, NH, USA). DNA was cross-linked to membranes by u.v. irradiation for 3 min. Labeled probes were immunodetected with anti-digoxigenin conjugated with alkaline phosphatase (Hoffmann-La Roche), with CDP-Star (Hoffmann-La Roche) as a chemiluminescent substrate. Membranes were exposed to Hyperfilm ECL (Amersham). For competition experiments, SBL nuclear extracts were pre-incubated for 30 min with a 5-and 20-fold molar excess of unlabeled doublestranded p300-cons or Myb-cons oligonucleotides. For supershift assays, nuclear proteins extracted from p300-or c-Myb-overexpressing SBL cells were incubated in the presence of anti-p300 or anti-c-Myb (Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 30 min at room temperature before the addition of the probe.
Nuclear extracts
Nuclear extracts were prepared from SBL cells. Cells were grown to near confluence, washed, and scraped into 1 . 5 ml of cold PBS. All the following steps were performed at 4 8C. The cells were pelleted by centrifugation for 10 s at 1000 g and resuspended in 400 ml of buffer A (10 mM HEPES, pH 7 . 9, 1 . 5 mM MgCl 2 , 10 mM KCl, 0 . 5 mM DTT, and 0 . 2 mM phenylmethylsulfonyl fluoride (PMSF)). Following incubation for 10 min, cells were vortexed for 10 s. Samples were centrifuged for 10 s, and the pellet was resuspended in 20 ml of cold buffer C (20 mM HEPES, pH 7 . 9, 25% glycerol, 420 mM NaCl, 1 . 5 mM MgCl 2 , 0 . 2 mM EDTA, 0 . 5 mM DTT, and 0 . 2 mM PMSF) and incubated for 20 min for high salt extraction. Cell debris was removed by centrifugation for 2 min. The supernatant fraction was aliquoted and stored at K80 8C.
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Quantitative RT-PCR Total RNA was extracted from S. aurata liver by the Total Quick RNA Cells and Tissues kit (Talent, Trieste, Italy). Five micrograms of total RNA were reverse transcribed by incubation with 5! First Strand Buffer (Invitrogen), 10 mM DTT, 0 . 5 mM dNTPs, 6 . 25 ng/ml random hexamers, 40 U/ml rRNasin (Promega), and 200 U/ml M-MLV RT (Invitrogen) for 1 h at 37 8C. The cDNA product was used for subsequent real-time quantitative PCR. The mRNA levels of p300 and c-Myb were determined in an ABI Prism 7000 Sequence Detection System (Applied Biosystems) using 0 . 4 mM of each primer, 10 ml of SYBR Green (Applied Biosystems), and 1 . 6 ml of the diluted cDNA mixture in a final volume of 20 ml. Primer pairs used were IMP303 (5
were used to amplify b-actin from all the samples on each plate as a housekeeping gene to normalize expression levels of targets between different samples and to monitor assay reproducibility. Variations in gene expression were calculated by the standard DDC t method. Oligonucleotides IMP303, IMP304, MG0907, MG0908, MC17, and MC18 were designed from S. aurata p300, c-Myb, and b-actin cDNA fragments (GenBank accession numbers GU441458, FJ797059 and X89920).
Statistical analysis
Data were analyzed by one-factor ANOVA using a computer program (StatView, SAS Institute, Cary, NC, USA). Differences were determined by Fisher's protected least significant difference multiple range test.
Results
Cloning of the 5 0 -flanking region of S. aurata calt gene
To clone and characterize the promoter region of calt gene from S. aurata, chromosome walking was performed on genomic DNA isolated from this species. To this end, calt-specific oligonucleotides were designed from the previously cloned S. aurata cAlt2 cDNA (Anemaet et al. 2008) . A first round of genome walking resulted in the specific amplification of a single fragment of w600 bp (here named s496) from the StuI library, which corresponds to positions K496/C139 relative to the previously determined transcription start site (Metón et al. 2004 ). The s496 fragment was isolated and cloned into pGEM-T Easy to generate pGEM496. On sequencing, this fragment was completely homologous with the 139 bases at the 5 0 end of S. aurata cAlt2 cDNA (Anemaet et al. 2008) .
A second round of chromosome walking on S. aurata genomic DNA was performed, using primers designed from the s496 fragment, to further isolate the 5 0 -flanking calt region. The longer amplification product, an w1600 bp single fragment (s1603), was obtained from the EcoRV library. This fragment was isolated and ligated into pGEM-T Easy to generate pGEM1603. After sequencing, this fragment showed complete homology with the 51 bases at the 5 0 end of the product obtained by the first round of chromosome walking. Altogether, two consecutive rounds of chromosome walking allowed us to isolate 2235 bp from the 5 0 -flanking region of S. aurata calt. This fragment comprises positions K2096 to C139 relative to the transcription start site: its nucleotide sequence was submitted to the DDBJ/EMBL/ GenBank Databases under the accession number DQ114991 (Fig. 1) . Identification of a functional S. aurata calt promoter
To determine whether the isolated genomic DNAflanking region of calt gene contains a functional promoter, nucleotide positions K2096 to C126 relative to the transcription start site were subcloned in the promoterless pGL3-Basic plasmid, upstream from the luciferase reporter gene (pGalt2096). The recombinant plasmid pGalt2096 was transiently cotransfected into SBL cells together with a LacZ-containing plasmid (pCMVb) as an internal control for transfection efficiency. The cell lysate was assayed for luciferase and b-galactosidase activities 48 h after transfection. This construct yielded a more than 80-fold increase in luciferase activity over the promoterless vector, pGL3-Basic (Fig. 2) . This result indicates that a core functional promoter for basal transcription is contained within the 2096 nucleotides upstream from the transcription start site.
To examine the promoter functional regions involved in modulation of basal calt expression in S. aurata, sequential 5 0 -deletion analysis of the promoter fragment was performed. Deletion fragments, with 5 0 ends ranging from K2096 to K89 and 3 0 ends at C126 (lacking the cAlt2 ATG start codon to prevent any false negative results due to the expression of a bicistronic message), were fused to the luciferase reporter gene and transfected into SBL cells. The longest 5 0 construct (pGalt2096) gave a more than 80-fold increase in luciferase activity over pGL3-Basic. Sequential 5 0 -deletion of pGalt2096 revealed reduced promoter activity. Decreased promoter activity was observed using the construct containing the promoter region spanning K89 to C126 (pGalt89), which showed induction 40 times greater than the promoterless pGL3-Basic did. No activity was found when the smallest construct (pGalt12; K12 to C126) was used. Moreover, when compared to pGalt2096, promoter activity decreased twofold due to deletion of the region encompassing the nucleotide positions K89 to K11 (pGalt2096D89K11). These results confirmed that the minimal core promoter of the S. aurata calt gene is located in the region within 89 bp upstream from the transcriptional start, and suggest that cis-acting elements may be located in this area.
Transactivation of calt promoter by p300 and c-Myb
In silico analysis of calt promoter with TFSEARCH (Heinemeyer et al. 1998) revealed several putative transcription factor-binding sites in the proximal promoter region (Fig. 1) . Amongst the potential transcription factors were sites for p300 and c-Myb. Cotransfection of SBL cells with the pGalt2096 construct in the presence of a p300 expression plasmid resulted in a more than 23-fold increase in calt promoter activity. p300 is a nuclear phosphoprotein that acts as a transcriptional coactivator. p300 promotes gene transcription by bridging between DNA-binding transcription factors and the basal machinery, by providing a scaffold for integrating transcription factors, and by modifying transcription factors and chromatin through acetylation (Kalkhoven 2004 , Ghosh & Varga 2007 . Reporter constructs containing 5 0 -deletion of the promoter fragment up to 89 nucleotides upstream from the transcription start site displayed similar p300-mediated enhanced calt 0 -flanking region of S. aurata calt. Relevant restriction sites and the translation start codon for cAlt2 are indicated. Nucleotide numbering starts with C1 corresponding to the transcription start site, which is indicated by an arrow. Fragments of the S. aurata calt promoter with varying 5 0 ends and an identical 3' end (C126) were fused to the luciferase reporter gene in pGL3-Basic vector. SBL cells were transfected with the reporter constructs pGalt2096, pGalt399, pGalt173, pGalt89, pGalt12, pGalt2096D89K11, or pGL3-Basic, along with pCMVb (lacZ) to normalize for transfection efficiency. Luciferase activity is expressed as a fold increase over promoterless reporter plasmid pGL3-Basic. Results shown are the meanGS.D. from at least three independent experiments performed in duplicate.
promoter activity in SBL cells. In contrast, no enhancement of the promoter activity was detected when the shortest construct (pGalt12) was used. Since p300 can interact simultaneously with the basal transcription machinery and with one or more upstream transcription factors (Chan & La Thangue 2001 , Kalkhoven 2004 , our findings suggested that a cis element located within 89 bp upstream from the transcription start site, here named the p300 response element, may be responsible for the p300-mediated transactivation of calt promoter. Consistently, no transactivation by p300 was observed when cotransfected with the pGalt2096D89K11 reporter construct, which lacks the region within 89 bp upstream from the transcriptional start (Fig. 3A) .
Putative c-Myb-binding sites were located within nucleotide positions K85 to K68 and K52 to K35 relative to the transcription start site of S. aurata calt and, therefore, close to the p300 response element (K73 to K60). Among other transcription factors, p300 is a well-established coactivator of c-Myb through acetylation of the latter (Tomita et al. 2000 , Sandberg et al. 2005 . To address the role of c-Myb in calt expression, we performed transfection experiments on SBL cells. Cotransfection of a plasmid encoding c-Myb together with the pGalt2096 construct resulted in a more than threefold increase in calt promoter activity (Fig. 3B) . Reporter constructs pGalt173 and pGalt89 displayed similar calt promoter transactivation after cotransfection with c-Myb. No enhancement of the promoter activity was detected when the shortest construct (pGalt12) was used. Furthermore, no transactivation by c-Myb was observed when cotransfected with pGalt2096D89K11 reporter construct, which lacks the region within 89 bp upstream from the transcriptional start. These results suggest that c-Myb may transactivate the S. aurata calt promoter by acting via at least one response element located within 89 bp upstream from the transcriptional start. Cotransfection of SBL cells with expression plasmids encoding p300 and c-Myb caused additive effects on the reporter activity of pGalt89 or longer constructs (Fig. 3C) .
Although the S. aurata calt and human ALT1 promoter sequences share a low general homology, in silico analysis of human ALT1 with TFSEARCH (Heinemeyer et al. 1998) revealed the presence of putative binding sites for p300 and c-Myb close to the transcription start site (data not presented), similarly as for the S. aurata gene.
p300 is part of a complex that binds to the calt promoter
The shortest reporter construct that showed p300-mediated transactivation (pGalt89) contains a putative p300 response element at positions K73 to K60 relative to the transcription start site. To analyze whether p300 is part of a protein complex that indeed binds to the putative p300 response element at positions K73 to K60, electrophoretic mobility shift assay (EMSA) experiments were performed. When caltK91/K51 (harboring the putative p300 response element) was used as a probe and nuclear extracts were prepared from SBL cells overexpressing p300, one major shifted band was observed. A DNA-protein complex with the same mobility was seen when a consensus p300 probe was used (p300-cons). The shifted band disappeared in competition assays performed with 5-and 20-fold molar excess of unlabeled p300-cons (Fig. 4A) . No shifted band could be detected when using caltK66/K27 (partial deletion of p300 consensus-like sequence) and caltK41/C6 (absence of p300 consensus-like sequence) probes.
To test whether mutations in the putative p300 site could abolish formation of the DNA-protein complex, we performed bandshift assays using nuclear extracts of SBL cells overexpressing p300 and a labeled probe harboring positions K91 to K52 of the calt gene in which the p300 box was mutated (caltK91/ K51mutp300). As shown in Fig. 4A , the complex shifted using p300-cons and caltK91/K51 probes disappeared when the caltK91/K51mutp300 probe was used. In addition, a supershift assay was performed with antibodies against p300. As shown in Fig. 4A , a supershift band was observed when 2 mg of the antibody were used. A higher concentration of antibody (8 mg) blocked the binding of p300 to the probe. Taken together, these data confirm that p300 is part of a complex that binds to the p300 response element at positions K73 to K60 of calt gene.
Mutating the p300 response element abolishes transactivation by p300
To generate a reporter construct with a mutated p300 response element (pGalt173mutp300), the same mutations described for the double-stranded oligonucleotide caltK91/K51mutp300 used in bandshift assays were introduced into the promoter construct pGalt173. Cotransfection experiments with pGalt173-mutp300 and the p300 expression vector were performed in SBL cells to analyze the level of transactivation due to the wild-type or the mutant reporter construct. p300 did not enhance the transcription of the construct harboring the mutated p300 response element (Fig. 4B ). This finding allowed us to hypothesize that the p300 response element at positions K73 to K60, relative to the transcriptional start of S. aurata calt promoter, is responsible for transactivation by p300.
Histone acetyltransferase activity of p300 is essential for transcriptional activation of calt gene p300 couples transcription factor recognition to chromatin remodeling through acetylating histones and non-histone proteins, such as a number of transcription factors (Das et al. 2009 , Marmorstein & Trievel 2009 ). This brought us to the question of whether p300-mediated acetylation plays a role in p300 transactivation of the calt promoter. A point mutant version of p300, p300DY (Ito et al. 2001) , which lacks histone acetyltransferase (HAT) activity, was cotransfected with calt promoter constructs in SBL cells. p300DY did not activate any of the reporter constructs transactivated by wild-type p300, such as pGalt173 (Fig. 4B) . These results indicate that the HAT domain of p300 is essential for p300-induced calt transactivation.
c-Myb binds to c-Myb consensus elements of calt promoter
Two putative c-Myb-binding-like sites are located in the proximal promoter region of cALT; one site partially overlaps the p300 response element (K85 to K68) and another element is located downstream (K52 to K35). To investigate whether c-Myb binds to either one or both putative c-Myb response elements, EMSA The left part of the figure shows an electrophoretic mobility shift assay of a competition analysis, using nuclear extracts of SBL cells overexpressing p300 incubated with labeled oligonucleotides p300-cons (lanes 1-4) or caltK91/K51 (lanes 5-8). Lanes 1 and 5 contained no nuclear extract. Lanes 2 and 6 correspond to binding of nuclear extracts to labeled probes without competitor. Lanes 3, 4, 7, and 8 represent competition with 5-and 20-fold molar excess of unlabeled double-stranded competitor (p300-cons). Lanes 9, 10, and 11 show nuclear extracts of p300-overexpressing SBL cells incubated with probes caltK66/K27, caltK41/C6, and caltK91/K51mutp300 respectively. The right part of the figure shows a supershift assay using nuclear extracts of p300-overexpressing SBL cells incubated with labeled oligonucleotide caltK91/K51 in the absence (lanes 12-13) or presence of 2 mg (lanes 14) and 8 mg (lanes 15) of antibody against p300. Lane 12 contained no nuclear extract. DNA-protein complexes are indicated by an arrow. (B) SBL cells were transfected with pGalt173, pGalt173mutp300, or pGalt12, with or without expression plasmids encoding p300 or p300DY. The promoter activity of the constructs alone was set at 1. The data represent the meanGS.D. values of three independent duplicate experiments.
I G ANEMAET and others . p300 and c-Myb transactivate calt experiments were performed. Competition analysis performed in the presence of 5-and 20-fold molar excess of unlabeled consensus c-Myb probe (Myb-cons), using probes caltK91/K51 (harboring the upstream response element for c-Myb), caltK57/K27 (harboring the downstream response element for c-Myb), and nuclear extracts obtained from SBL cells overexpressing c-Myb, resulted in the disappearance of one major shifted band (Fig. 5A ). These data suggest that c-Myb can bind to both c-Myb boxes, located at nucleotides K85 to K68 (upstream site) and K52 to K35 (downstream site) relative to the transcriptional start in the S. aurata calt promoter.
Bandshift assays were performed to analyze whether introduction of mutations in the putative upstream and downstream c-Myb sites abolished formation of the DNA-transcription factor complexes. To this end, nuclear extracts of SBL cells overexpressing c-Myb and labeled probes harboring mutated upstream (caltK91/K51mutMyb1) and downstream (calt K57/K27mutMub2) c-Myb boxes were used. As shown in Fig. 5A , the shifted complex disappeared when the caltK91/K51mutMyb1 and caltK57/K27mutMub2 probes were used. Supershift assays carried out with 2 mg-specific antibodies against c-Myb blocked the binding of c-Myb to caltK91/K51 and caltK57/K27 probes. From these data, we hypothesized that c-Myb might bind to both the upstream and the downstream c-Myb sites located at positions K85 to K68 and K73 to K60 of calt gene.
Mutating the downstream c-Myb box abolishes transactivation by c-Myb
To further distinguish whether the upstream and downstream c-Myb boxes contribute equally to the c-Myb-dependent transactivation of the calt promoter, we generated the reporter construct pGalt57, which lacks the upstream c-Myb element, but retains the downstream box. Cotransfection of SBL cells with pGalt57 gave similar c-Myb-dependent transactivating rates as reporter constructs harboring both upstream and downstream sites, such as pGalt173 (Fig. 5B) . These results suggest that the upstream c-Myb box (K85 to K68) is not functional. As expected, since pGalt57 lacks the p300 response element, p300 had no effect on the reporter activity of pGalt57. The fact that c-Myb was still able to activate the transcription of pGalt57 revealed that this effect was a separate event not related to the p300 response element located at positions K73 to K60.
Two reporter constructs were designed to carry mutated c-Myb upstream and downstream sites: pGalt173mutMyb1, which contains an upstream c-Myb site with the mutations that were introduced in the double-stranded oligonucleotide caltK91/ K59mutMyb1 used in bandshift assays; and pGalt57-mutMyb2, which contains a downstream c-Myb site with the mutations that were introduced in the doublestranded oligonucleotide caltK57/K27mutMyb2. SBL cells were cotransfected with the c-Myb expression vector and pGalt173mutMyb1 or pGalt57mutMyb2 to compare the level of transactivation due to the wild-type or the mutant reporter constructs. Similar transactivation values were observed using pGalt173mutMyb1, pGalt173, or pGalt57, which is consistent with the suggestion that the upstream box is not responsible for the transactivating effect of c-Myb. In contrast, c-Myb did not activate the transcription of the construct harboring the mutated downstream c-Myb box (pGalt57mutMyb2, Fig. 5B ). This finding led us to conclude that the c-Myb box located at positions K52 to K35, relative to the transcriptional start of the S. aurata calt promoter, is responsible for the transactivating effect of c-Myb.
Nutritional and hormonal regulation of p300 and c-Myb expression in liver of S. aurata
Having established transactivation of the calt promoter by p300 and c-Myb, we next asked whether the expression of p300 and c-Myb is controlled by nutritional and hormonal regulation in the liver of S. aurata. We showed elsewhere that alternative splicing of calt gene in S. aurata generates two isoforms: cAlt1 and cAlt2. Specifically, the hepatic expression of S. aurata cAlt2 increased under gluconeogenic conditions, such as starvation and STZ-induced diabetes (Anemaet et al. 2008) . Quantitative RT-PCR assays showed that starvation similarly affected the expression of p300 and c-Myb. Both p300 and c-Myb mRNA levels significantly increased 1 . 3-and 1 . 4-fold respectively in the liver of 20-day-starved S. aurata (Fig. 6A) . The administration of insulin did not cause significant changes in the expression of p300 6 h after the treatment, although a tendency to decrease to about 80% of the values in control animals was observed. A significant 55% decrease in c-Myb mRNA levels was found in the liver 6 h after insulin administration (Fig. 6B) . STZ is a glucosamine-nitrosourea derivative widely used to generate diabetic animal models through b cell necrosis (Junod et al. 1969 , Like & Rossini 1976 , Wilson & Leiter 1990 . As it is the characteristic of the diabetogenic action of STZ, significant hyperglycemia (175 . 8G53 . 6 mg/dl, meanGS.D., nZ4 vs 94 . 3 G2 . 7 mg/dl, meanGS.D., nZ4 in control animals; P!0 . 05) followed 22 h after i.p. administration of 600 mg/kg STZ to S. aurata. The administration of STZ significantly up-regulated p300 1 . 5-fold in the liver of 22-h-treated animals. However, STZ promoted a decrease in c-Myb expression to about 25% of the levels in control fish (Fig. 6B ).
Discussion
The liver plays important roles in regulating blood levels of amino acids and synthesizing glucose from excess amino acids. In this tissue, Alt has an essential function in intermediary metabolism to obtain energy and to provide gluconeogenic substrates. To assess the transcriptional regulation of calt gene in S. aurata, we addressed cloning and characterization of the calt promoter. The genomic fragment isolated is the first calt gene promoter reported for animals other than humans, and it allowed us to identify two functional cis elements involved in transactivation by p300 and c-Myb in the proximal region of the calt promoter.
The S. aurata calt promoter does not contain a TATA box. However, it includes an initiator (Inr)-like element that overlaps the transcription start site. The functionality of the putative promoter region of fish calt was tested by transient transfection of SBL cells with fusion constructs of the isolated genomic fragment to the luciferase reporter gene. Sequential 5 0 -deletions of the 2235 bp fragment and analysis of promoter activity after transfection of SBL cells with the deleted constructs allowed us to conclude that the promoter region within 89 bp upstream from the transcription start site is essential for transcriptional basal activity of calt and constitutes the core functional promoter of this gene. p300 and CBP have emerged as transcriptional coactivator proteins that interact with and modulate the activity of a wide array of transcription factors bound at upstream activator elements (Shiama 1997) . Transient transfection experiments and EMSA analysis demonstrated that p300 confers an activating signal on the calt promoter. This is achieved by forming part of a complex that binds to a p300 response element located between K73 and K60 bp upstream from the transcription start site of the S. aurata liver calt gene promoter. Recruitment of proteins with HAT activity, such as p300, to the Inr element of the calt promoter may provide an open DNA configuration precisely at the site of transcription initiation. Histone acetylation in the proximal calt promoter region probably makes chromatin more accessible to other transcription factors and the basal transcriptional machinery. Targeting of p300 to the Inr element might enable the recruitment of TFIID to the calt promoter, as suggested for other TATA-less Inr-containing promoters (Abraham et al. 1993 , Swope et al. 1996 . Apart from acetylating histones, p300 has been shown to acetylate several transcription factors in a regulated manner and is recruited to the various promoters in response to several stimuli. Many of the p300 mutations identified in tumors actually result in the loss of acetyltransferase activity (Gayther et al. 2000) , suggesting that the ability of p300 to acetylate one or more cell proteins may be critical for their functions in growth control. Since an acetyltransferase-deficient point mutant of p300 (p300DY) failed to induce the acetylation of the tumor suppressor p53, Ito et al. (2001) concluded that binding between p53 and p300 is necessary for p300-mediated p53 acetylation. Transfection experiments in SBL cells using p300DY show that an acetylase-deficient mutant p300 was unable to induce calt promoter activity, indicating that the acetyltransferase activity of p300 is essential for the p300-mediated transcriptional activation of S. aurata calt.
Our findings suggest that p300 may induce calt promoter activity by acetylating histones, to promote a transcriptionally favorable structure of the nucleosome at the transcriptional start, and transcription factors such as c-Myb. The c-Myb gene encodes a protooncogene that leads to viral myeloblastosis in avian species (Beug et al. 1982) . The role of c-Myb as a transcription factor has been extensively studied in hematopoietic stem cells. However, the expression of c-Myb seems to be required in a number of other tissues (Ramsay 2005) . The transcriptional activity of c-Myb and other transcription factors is regulated through binding the KIX domain of p300 (Kasper et al. 2002 , Kauppi et al. 2008 . Two putative c-Myb boxes were found in the S. aurata calt promoter at positions K85 to K68 and K52 to K35 relative to the transcriptional start. Although EMSA assays suggested that c-Myb can bind both sites, site-directed mutagenesis revealed that the downstream element (positions K52 to K35) was the only functional one and responsible for c-Myb-dependent transactivation of the calt promoter. Since c-Myb was still able to activate the transcription of calt promoter reporter constructs lacking the p300 response element, we can conclude that the c-Myb-dependent transactivation of calt occurred irrespective of the p300 response element located at positions K73 to K60. However, it is well known that the DNA-binding activity of c-Myb is increased by p300-mediated acetylation (Tomita et al. 2000) . Furthermore, replacement of c-Myb-acetylated residues (lysines) by arginine dramatically decreases the transactivating capacity of c-Myb (Sano & Ishii 2001) . Thus, p300-mediated acetylation of c-Myb could enhance the binding of c-Myb to the S. aurata calt promoter. Conceivably, p300-mediated acetylation of c-Myb at lysine residues neutralizes the positive charge and results in a conformational change, which, in turn, may increase the DNA-binding activity of c-Myb and thus the transcriptional activity of calt.
Previously, we showed that the hepatic mRNA levels of S. aurata cAlt1 and cAlt2 depend largely on nutritional and hormonal status. Long-term starvation increases cAlt2 mRNA levels in the liver of S. aurata, whereas short-term refeeding and administration of insulin down-regulate cAlt2 expression. These conditions lead to opposite effects on the mRNA levels of cAlt1. Consistent with stimulation of cAlt2 in conditions associated with increased gluconeogenesis, STZ-treated fish present a marked increase in the hepatic expression of cAlt2. These findings led us to hypothesize that increased cAlt2 expression can be responsible for the serum elevation of Alt activity levels in animals under conditions related to insulin resistance and development of type 2 diabetes (Anemaet et al. 2008) . To understand the molecular mechanism that governs calt gene transcription, we analyzed the expression of p300 and c-Myb in the liver of starved and insulin-and STZ-treated S. aurata. In agreement with cAlt2 expression, the mRNA levels of p300 and c-Myb increased in starved animals and decreased in fish liver after the administration of insulin. It remains uncertain whether the suppressing effect of insulin on cAlt2 expression results from a direct or indirect pathway. As it has been described in mammals, we cannot rule out an indirect action of insulin on calt expression through inhibition of gluconeogenic substrates release from muscle and adipose tissue, rather than direct hepatic insulin effects. Hence, hyperglycemia has been shown to potentiate the indirect actions of insulin (Fisher & Kahn 2003) . This may well account for down-regulation of cAlt2 expression in the liver of S. aurata following the administration of glucose or insulin (Anemaet et al. 2008) .
Based on the data given, both p300 and c-Myb are likely to contribute to increased cAlt2 expression in starved fish. Interestingly, and in a similar way as for cAlt2, up-regulation of p300 expression was also observed in STZ-induced diabetic S. aurata. In this regard, p300 is recognized as an important element in the pathogenesis of various diseases (Kalkhoven 2004) , and there is increasing evidence that links p300 with diabetes (Chen et al. 2010) . Consistent with our findings, increased p300 mRNA levels have been found in the heart of STZ-induced diabetic mice (Kaur et al. 2006) , leading the authors to conclude that p300 may play an important role in glucose-and diabetes-induced fibronectin synthesis. Moreover, curcumin decreases diabetes-induced oxidative stress in the kidney through reversion of p300 up-regulation in STZ-treated rats (Chiu et al. 2009 ). Indeed, it has been suggested that abnormal interactions between mutant transcription factors and p300 contribute to the pathogenesis of diabetes (Eeckhoute et al. 2001 , Fajans et al. 2001 , Ban et al. 2002 , Stanojevic et al. 2004 , Fernandez-Zapico et al. 2009 ). The transcriptional regulation of calt expression in S. aurata does not necessarily apply to human ALT1. However, since a p300 putative response element is present in the human ALT1 promoter, further research is needed to explore the relationship between the expression of p300, ALT, and diabetes in humans.
In conclusion, besides characterization for the first time of an alt promoter in animals other than humans, the results of the present study suggest a contribution of p300 and c-Myb to up-regulation of cAlt2 expression in the liver of S. aurata subjected to starvation. Our findings also argue for a role of p300 in up-regulation of cAlt2 in STZ-induced diabetic fish. Upcoming efforts will be addressed to unravel the specific mechanisms that govern alternative splicing of calt gene and cAlt1 transcription.
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